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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re the Application of 
VAN DER AA et al 

Serial No.: National Stage of Serial No. PCT/EPOO/01950 
International Filing Date: 2 March 2000 

For: PROCESS FOR WALL IRONING OF A PRODUCT IN SHEET 
FORM AND A WALL IRONING TOOL 

PRELIMINARY AMENDMENT 

Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

Prior to the calculation of the filing fee, please amend the above-identified appHcation as 
follows. 

IN THE SPECIFICATION 

Please amend the specification as follows. A set of specification pages marked up to show 
these changes is attached (ATTACHMENT IT). 

Page 1 , in the first Une after the Title, insert the following: 

-- Field of the Invention --. 

after line 10, insert the following heading - Backgroun d of the hivention-. 

Page 1, after line 28, insert the following: 
- Brief Description of the Figure 

The sole figure shows results of the correlation between the formmg rate (ds/dt in s"'), 
plotted on the horizontal axis, and yield stress in MPa, plotted on the vertical axis, and the 
prevailing pressure P^ in MPa on all sides. 

Summarv of the Invention -. 



Page % after line 2, insert the following 
Detailed Description of the Preferred Embodiments -. 

IN THE CLAIMS 

Please amend the following claims. A marked up set of claims showing the amendments 
is attached (ATTACHMENT I). 



REMARKS 

Claims 1- 26 are pending. 

This Preliminary Amendment makes editorial revisions to the specification. 
An Information Disclosure Statement and PTO-1449 directed to the art of record in the 
parent case are submitted herewith. 

Early and favorable consideration of this application are respectfully requested. 

RespectfuUy^gjibmitted, 

Datc: /fl^3fyZ£>i?/ By: ^ ^ 

^ ^^^^TTVehturino 

Registration No. 31,674 
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STEVENS, DAVIS, MILLER & MOSHER, L.L.P. 
1615 L STREET, N.W., SUITE 850 
WASHINGTON, D.C. 20036 
TEL. 202-785-0100 / FAX. 202-408-5200 
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ATTACHMENT I - Marked up Claims 

1. (Amended) Process for the wall ironing of a product in sheet form, which is formed from 
a metal sheet coated on at least one side with a layer of plastic, comprising 

moving the product with a plastic coating layer in a direction of movement along a forming 
surface of a [the] wall-ironing tool [comprising a forming surface which the product with a plastic 
coating layer moves along] during the wall ironing, [and] the forming surface being at an entry 
angle with respect to the direction of movement of the product, [characterized in that] 

wherein the entry angle varies over the length of the forming surface, in the direction of 
movement of the product past the forming surface, this entry angle being smaller in a starting zone 
of the forming surface than in the subsequent zone thereof. 

2. (Amended) Process according to Claim 1, [characterized in that] wherein the forming 
surface in an end zone is again at a smaller entry angle than in the intermediate zone. 

3. (Amended) Process according to Claim 1 [or 2], [characterized in that] wherein the 
forming surface, following the zone with the largest entry angle, comprises a so-called land zone, 
with an entry angle = 0°. 

4. (Amended) Process according to Claim 2 [or 3], [characterized in that] wherein the entry 
angle has a fixed value in each of the zones. 

5. (Amended) Process according to Claim 2 [or 3], [characterized in that] wherein there is 
a smooth change in the entry angle over the length of the forming surface, 

6. (Amended) Process according to Claim 5, [characterized in that] wherein the transitions 
between successive zones, and/or such zones themselves run in the form of an arc of a circle. 

7. (Amended) Process according to [one of the preceding claims] Claim L [characterized 
in that] wherein the wall-ironing tool comprises a plurality of forming surfaces. 
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8. (Amended) Process according to Claim 1 [one of the preceding claims], [characterized 
in that] wherein the wall-ironing tool comprises a plurality of wall-ironing rings. 

9. (Amended) Process according to Claim 1 [one of the preceding claims], [characterized 
in that] wherein 60 to 90% of the total wall thinning is produced by the corresponding forming 
surface in the zone running at the largest entry angle, the so-called main zone. 

10. (Amended) Process according to Claim 9, [characterized in that] wherein 10 to 30% 
of the total wall thinning is produced by the corresponding forming surface in the starting zone. 

11. (Amended) Process according to Claim 9 [or 10], [characterized in that] wherein less 
than 30% of the total wall thinning is produced by the corresponding forming surface in the end 
zone. 

12. (Amended) Process according to Claim 1 [one of the preceding claims], [characterized 
in that] wherein the length of the starting zone and/or of the end zone, under otherwise identical 
conditions, is set in such a way that the plastic coating is not torn off the metal sheet as a resuh of 
the wall ironing. 

13. (Amended) Process for the wall ironing of a product in sheet form, which is formed 
from a metal sheet coated on at least one side with a layer of plastic, comprising 

moving the product with a plastic coating layer in a direction of movement along a forming 
surface of a [the] wall-ironing tool [comprising a forming surface which the product with a plastic 
coating layer moves along] during the wall ironing, [and] the forming surface being at an entry 
angle with respect to the direction of movement of the product, [characterized in that,] 

wherein in a zone of the forming surface which runs at the largest entry angle, the plastic 
layer is held under an elevated pressure Pq (in MPa) on all sides, and [that] the plastic used for the 
coating layer is characterized by values of the parameters \x (no units); Tq (in MPa) and A^ (in sec), 
[as defined in the description,] which are as follows: 
^l>0.03; To> 0.60 and Ao>2.0xlO^^ 



14, (Amended) Process according to Claim 13, [characterized in that] wherein the 
parameters [x, Tq and are as follows: > 0.047 ; Tq > 0.90 and Aq > 3.0 x 10^^ 

15, (Amended) Process according to Claim 13 [or 14], [characterized in that] wherein the 
plastic used is also characterized by values for the parameters Tg^ ^ and Tg^ ^ooMPa ""Q 
defined in the description,] which are as follows: Tg j > 30°C, and Tg ^ooMPa ^ 200''C, 

16, (Amended) Process according to Claim 15, [characterized in that] wherein the 
parameter Tg^ ^ is as follows: Tg ^ > 70°C. 

1 7 ( Amenrled) Wal 1 -ironing tool[. in particular] comprising a wall-ironing ring, comprising 
a forming surface, along which a sheet-like product can be moved in a direction of movement 
during the wall ironing, which forming surface is at an entry angle with respect to the direction of 
movement of the product, [characterized in that] wherein the entry angle varies over the length 
of the forming surface, in the direction of movement of the product, this angle being smaller in a 
starting zone of the forming surface than in the subsequent zone thereof, 

18. (Amended) Wall-ironing tool according to Claim 17, [characterized in that] wherein 
the subsequent zone is an intermediate zone and the forming surface further comprises [in] an end 
zone subsequent to the intermediate zone which is again at a smaller entry angle than in the 
intermediate zone. 

19. (Amended) Wall-ironing tool according to Claim 17 [or 18], [characterized in that] 
wherein the forming surface further comprises an end zone, subsequent to the intermediate zone, 
and between the intermediate zone and the end zone there is a land zone with a length of between 
0.3 and 1.5 mm, 

20. (Amended) Wall-ironing tool according to one of [Claims 17-19] Claim 17, 
[characterized in that] wherein the entry angle has a fixed value in each of the zones. 



21. (Amended) (Amended) Wall-ironing tool according to [one of Claims 17-19] Claim 
11, [characterized in that] wherein there is a smooth change in the entry angle over the length of 
the forming sxnface. 

22. (Amended) Wall-ironing tool according to Claim 21, [characterized in that] wherein 
the transitions between successive zone, and/or the zones themselves, run in the form of an arc of 
a circle with a radius of a length of between 0.1 and 10 mm. 

23. (Amended) Wall-ironing tool according to [one of Claims 17-22] Claim 17 , 
[characterized in that] wherein the [main] zone having the largest entrv angle, which is named a 
main zone, forms between 60 and 90% of the transverse dimension of the forming surface, 
transversely with respect to its longitudinal direction. 

24. (Amended) Wall-ironing tool according to Claim 23, [characterized in that] wherein 
the starting zone forms between 10 and 30% of the transverse dimension of the forming surface. 

25. (Amended) Wall-ironing tool according to Claim 23 [or 24], [characterized in that] 
further comprising an end zone, subsequent to the intermediate zone, wherein the end zone forms 
less than 30% of the transverse dimension of the forming surface. 

26. (Amended) Wall-ironing tool in the form of a wall-ironing ring, according to [one of 
Claims 17-25] Claim 17, [characterized in that] wherein this wall-ironing ring is under a radial 
prestress on its outer circumferential surface, due to a strip or wire which has been wound around 
[it] the ring under stress. 
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PROCESS FOR THE WALL IRONING OF A PRODUCT IN SHEET FORM, 
AND A WALL IRONING TOOL 

The invention relates to a process for flie wall ironing of a product in sheet form;, 
which is formed from a metal sheet coated on at least one side with a layer of plastic, 
the wall-ixoning tool comprising a fonning surface which the product with a pl^c 
coating layer moves along during the wall ironing, and the forming surface being at an 
entry angle with respect to the direction of movement of the product. A process of this 
nature is in widespread use for the production of a can. comprising a base and a tubular 
body, although, the invention isjiot lintited to this particular application* 

1 he entry angle rorms an mponant parameter m wall iromng. It has been found 
that with a very small entry angle the spreading force, that is to say the force which acts 
on the forming surface transversely with respect to the direction of movement of the 
product, becomes very high. For example* in the case of wall iromng of cans, this may 
15 lead to extreme loads being imposed on the wall-ironing ring used, which may 
consequently be damaged or even break. 

Selecting a larger entry angle runs the risk of the plastic layer brealdng and being 
stripped off the metal sheet This is because a larger entry angle results in a greater 
longitudinal force being exerted on the plastic layer in the direction of movement, with 
20 the result that the stress in tiae said plastic layer exceeds a fracture limit 

Proposals have previously been made for making the process more suitable for 
working with plastic-coated metal sheet In European Patent EP 05298,560, it is 
proposed that additional lubrication be used during the waU ironing^ and specific entry 
angles are proposed for successive wall-ironing rings. Nevertheless, there is a 
25 continuing need to work with larger entry angles, in order to be able to achieve longer 
service lives of the wall-ironing tool. The present invention now offers a solution 
en^ling the risk of the plastic layer breaking and being stripped off during wall ironing, 
to be reduced, jo to-t larger entry angles can be used. 

<- ^TTES Invention is basea on making use of the observed fact that many plastics 

materials exhibit a higher fracture lianit during forming as the pressure on all sides 
increases. The appended figirre shows results of the correlation between the forming 
rate (ds/dt in s'^), plotted on the horizontal axis, and the yield stress <s^ in MPa, plotted 
on the vertical axis, and the prevailing presswe P^ in MPa on all sides. This figure 
works on the basis of a polyethyleneterephthalate (PET), with lines illustrating results 
35 of model smdies and cross^ indicating the results of experiments. It can be clearly seen 
from this figure that the yield stress is considerably higher as the pressure on all sides 
rises. The object of the invention is therefore to produce a high pressure on all sides at 
the location where the coated metal sheet is being wall-ironed using a large entry angle, 




witiiout it being accessary to apply a very high pressure to the entire wall-ironing 

M^^^^^^^—^ me Invention' therefore consists in the feet that the entry angle varies over the 
length of the forming surface, in the direction of movement of the product past the 
5 foiming surface, this entry angle being smaller in a starting zone of the forming surface 
than in the subsequent zone thereof The result of(hisJmeasure is that, in the starting 
zone with the small entry angle, a high pressure on all sides is built up in the material, 
and this pressure is maintained during the subsequent forming in the subsequent zone 
with a larger entry angle, ha the zone where the actual forming takes place, a high 
10 pressure prevails on all sides, yet nevertheless a relatively low spreading force is 
exerted on the forming surf^e. (for example a wall-ironing ring). 

The high pressure which is generated on all sides in the plastic layer may relax 
slightly towards the chamber after the wall-ironing tool has been passed, towards the 
end of the zone with the larger entry angle. This may mean that the fracture stress of the 
15 plastic material is reduced again at that location, causing it to fracture and be stripped 
off by the wall-ironing tooL For this reason, it has proven advantageous for the foiming 
surfece in an end zone to again be at a smaller entry angle than in the intermediate zone. 
An improvement is also achieved if the fomiiag surface, following the zone with 
the largest entry angle, comprises a so-called land zone, with an entry angle of 0**, The 
2 0 length of this land zone may be between 0,3 and 1 .5 mm. 

In one possible application of the invention, the entry angle may have a fixed 
value in each of the said zones. However, under certain circumstances it may be 
preferable for the entry angle to change smoothly over the length of the forming 
surface. This prevents sudden changes in stress in the material to be wall ironed, so that, 

2 5 under certain circumstances, the wall ironing can proceed more successively. 

In the preferred embodiment of this smooth change, the transitions between the 
successive zones, and/or the zones themselves, run in the form of an arc of a circle. 
Good results are obtained if the radius of this arc is between 0.1 and 10 mm long. 

Particularly if the novel process is used for the wall ironing of a product which 

3 0 ultimately acqtaires the sh^e of a can, it is advantageous for the wall-ironing tool to 

comprise a plurality of wall-ironing zings of the type described above. In particular, it 
has proven advantageous for between 60 and 90% of the total wall thinniag to be 
produced by the corresponding forming surface in the zone which runs at the largest 
entry angle, the so-called main zone. A further improvement is obtained if between 10 
3 5 and 30% of the total wall thinning is produced by the corresponding forming surface in 
the starting zone. Furthermore, it is advantageous, if an end zone is also being used, for 
less than 30% of the total wail thinning to be produced by the correspondiag forming 
surface in this end zone. 
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For: PROCESS FOR WALL IRONING OF A PRODUCT IN SHEET 
FORM AND A WALL IRONING TOOL 



SECOND PRELIMINARY AMENDMENT 



Honorable Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

As a supplement to the PreUminary Amendment filed August 31,2001, Applicant presents 
a clean set of the claims as amended by that Preliminary Amendment. 

IN THE CLAIMS 

Please amend the claims to read as follows. Applicant presents this clean set of the claims 
as amended by the Preliminary Amendment filed August 31, 2001, plus a further amendment to 
Claim 20. A marked up Claim 20 showing the additional amendment is attached (Attachment A). 

1. (Amended) Process for the wall ironing of a product in sheet form, which is formed from 
a metal sheet coated on at least one side with a layer of plastic, comprising 

moving the product with a plastic coating layer in a direction of movement along a forming 
surface of a wall-ironing tool during the wall ironing, the forming surface being at an entry angle 
with respect to the direction of movement of the product, 

wherein the entry angle varies over the length of the forming surface, in the direction of 
movement of the product past the forming surface, this entry angle being smaller in a starting zone 
of the forming surface than in the subsequent zone thereof. 



2. (Amended) Process according to Claim 1, wherein the forming surface in an end zone 
is again at a smaller entry angle than in the intermediate zone. 

3. (Amended) Process according to Claim 1, wherein the forming surface, following the 
zone with the largest entry angle, comprises a so-called land zone, with an entry angle = O"". 

4. (Amended) Process according to Claim 2, wherein the entry angle has a fixed value in 
each of the zones. 

5. (Amended) Process according to Claim 2, wherein there is a smooth change in the entry 
angle over the length of the forming surface. 

6. (Amended) Process according to Claim 5, wherein the transitions between successive 
zones, and/or such zones themselves run in the form of an arc of a circle. 

7. (Amended) Process according to Claim 1, wherein the wall-ironing tool comprises a 
plurality of forming surfaces. 

8. (Amended) Process according to Claim 1, wherein the wall-ironing tool comprises a 
plurality of wall-ironing rings. 

9. (Amended) Process according to Claim 1, wherein 60 to 90% of the total wall thinning 
is produced by the corresponding forming surface in the zone running at the largest entry angle, 
the so-called main zone. 

10. (Amended) Process according to Claim 9, wherein 10 to 30% of the total wall thinning 
is produced by the corresponding forming surface in the starting zone. 



11. (Amended) Process according to Claim 9, wherein less than 30% of the total wall 
thinning is produced by the corresponding forming surface in the end zone, 

12. (Amended) Process according to Claim 1, wherein the length of the starting zone and/or 
of the end zone, under otherwise identical conditions, is set in such a way that the plastic coating 
is not torn off the metal sheet as a result of the wall ironing. 

13. (Amended) Process for the wall ironing of a product in sheet form, which is formed 
from a metal sheet coated on at least one side with a layer of plastic, comprising 

moving the product with a plastic coating layer in a direction of movement along a forming 
surface of a wall-ironing tool during the wall ironing, the forming surface being at an entry angle 
with respect to the direction of movement of the product, 

wherein in a zone of the forming surface which runs at the largest entry angle, the plastic 
layer is held under an elevated pressure Po (in MPa) on all sides, and the plastic used for the 
coating layer is characterized by values of the parameters \i (no units); Tq (in MPa) and A^ (in sec), 
which are as follows: 
|i>0.03; Xq> 0.60 and Ao>2.0xlO^^ 

14. (Amended) Process according to Claim 13, wherein the parameters [i, Tq and Aq are as 
follows: \i > 0.047 ; > 0.90 and Aq > 3.0 x 10'^ 

15. (Amended) Process according to Claim 13, wherein the plastic used is also 
characterized by values for the parameters Tg^ ^ and T^^eoou?^ (in °Q which are as follows: Tg^ j 
,,,>30°C,andT,,,ooMPa>200^C. 

1 6. (Amended) Process according to Claim 15, wherein the parameter Tg i is as follows: 
T > 70°C 

^g, latm— 

17. (Amended) Wall-ironing tool comprising a wall-ironing ring, comprising a forming 
surface, along which a sheet-like product can be moved in a direction of movement during the wall 



ironing, which forming surface is at an entry angle with respect to the direction of movement of 
the product, wherein the entry angle varies over the length of the forming surface, in the direction 
of movement of the product, this angle being smaller in a starting zone of the forming surface than 
in the subsequent zone thereof, 

18. (Amended) Wall-ironing tool according to Claim 17, wherein the subsequent zone is 
an intermediate zone and the forming surface further comprises an end zone subsequent to the 
intermediate zone which is again at a smaller entry angle than in the intermediate zone. 

19. (Amended) Wall-ironing tool according to Claim 17, wherein the forming surface 
further comprises an end zone, subsequent to the intermediate zone, and between the intermediate 
zone and the end zone there is a land zone with a length of between 0.3 and 1.5 mm. 

20. (Twice Amended) Wall-ironing tool according to Claim 17, wherein the entry angle 
has a fixed value in each of the zones. 

21. (Amended) (Amended) Wall-ironing tool according to Claim 17, wherein there is a 
smooth change in the entry angle over the length of the forming surface. 

22. (Amended) Wall-ironing tool according to Claim 21, wherein the transitions between 
successive zone, and/or the zones themselves, run in the form of an arc of a circle with a radius of 
a length of between 0.1 and 10 mm. 

23. (Amended) Wall-ironing tool according to Claim 17, wherein the zone having the 
largest entry angle, which is named a main zone, forms between 60 and 90% of the transverse 
dimension of the forming surface, transversely with respect to its longitudinal direction. 

24. (Amended) Wall-ironing tool according to Claim 23, wherein the starting zone forms 
between 10 and 30% of the transverse dimension of the forming surface. 



25. (Amended) Wall-ironing tool according to Claim 23, further comprising an end zone, 
subsequent to the intermediate zone, wherein the end zone forms less than 30% of the transverse 
dimension of the forming surface. 

26. (Amended) Wall-ironing tool in the form of a wall-ironing ring, according to Claim 17, 
wherein this wall-ironing ring is under a radial prestress on its outer circumferential surface, due 
to a strip or wire which has been wound around the ring under stress. 




REMARKS 



Claims 1-26 are pending. 

This Preliminary Amendment makes editorial revisions to the specification. 
Early and favorable consideration of this application are respectfully requested. 
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Respectfully submitted. 
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ATTACHMENT I - Marked up Claims 




20. (Twice Amended) Wall-ironing tool according to [one of] Claim 17, wherein the entry 
angle has a fixed value in each of the zones. 
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PROCESS FOR THE WALL IRONING OF A PRODUCT IN SHEET FORM, 
AND A WALL IRONING TOOL 



The invention relates to a process for the wall ironing of a product in sheet form, 
which is formed from a metal sheet coated on at least one side with a layer of plastic, 
the wall-ironing tool comprising a forming surface which the product with a plastic 
coating layer moves along during the wall ironing, and the forming surface being at an 
entry angle with respect to the direction of movement of the product. A process of this 
nature is in widespread use for the production of a can comprising a base and a tubular 
body, although the invention is not limited to this particular appUcation. 

The entry angle forms an important parameter in wall ironing. It has been found 
that with a very small entry angle the spreading force, that is to say the force which acts 
on the forming surface transversely with respect to the direction of movement of the 
product, becomes very high. For example, in the case of wall ironing of cans, this may 
lead to extreme loads being imposed on the wall-ironing ring used, which may 
consequently be damaged or even break. 

Selecting a larger entry angle runs the risk of the plastic layer breaking and being 
stripped off the metal sheet. This is because a larger entry angle results in a greater 
longitudinal force being exerted on the plastic layer in the direction of movement, with 
the result that the stress in the said plastic layer exceeds a fracture limit. 

Proposals have previously been made for making the process more suitable for 
working with plastic-coated metal sheet, hi European Patent EP 0,298,560, it is 
proposed that additional lubrication be used during the wall ironing, and specific entry 
angles are proposed for successive wall-ironing rings. Nevertheless, there is a 
continuing need to work with larger entry angles, in order to be able to achieve longer 
service Uves of the wall-ironing tool. The present invention now offers a solution 
enabling the risk of the plastic layer breaking and being stripped off during wall ironing 
to be reduced, so that larger entry angles can be used. 

The invention is based on making use of the observed fact that many plastics 
materials exhibit a higher fracture limit during forming as the pressure on all sides 
increases. The appended figure shows results of the correlation between the forming 
rate (ds/dt in s"^), plotted on the horizontal axis, and the yield stress in MPa, plotted 
on the vertical axis, and the prevailing pressure P^ in MPa on all sides. This figure 
works on the basis of a polyethyleneterephthalate (PET), with lines illustrating results 
of model studies and crosses indicating the results of experiments. It can be clearly seen 
from this figure that the yield stress is considerably higher as the pressure on all sides 
rises. The object of the invention is therefore to produce a high pressure on all sides at 
the location where the coated metal sheet is being wall-ironed using a large entry angle. 
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without it being necessary to apply a very high pressure to the entire wall-ironing 
installation. 

The invention therefore consists in the fact that the entry angle varies over the 
length of the forming surface, in the direction of movement of the product past the 
5 forming surface, this entry angle being smaller in a starting zone of the forming surface 
than in the subsequent zone thereof The result of his measure is that, in the starting 
zone with the small entry aagle, a high pressure on all sides is built up in the material, 
and this pressure is maintained during the subsequent forming in the subsequent zone 
with a larger entry angle, hi the zone where the actual forming takes place, a high 
10 pressure prevails on all sides, yet nevertheless a relatively low spreading force is 
exerted on the forming surface, (for example a wall-ironing ring). 

The high pressure 'which is generated on all sides in the plastic layer may relax 
slightly towards the chamber after the wall-ironing tool has been passed, towards the 
end of the zone with the larger entry angle. This may mean that the fracture stress of the 
^ 15 plastic material is reduced again at that location, causing it to fracture and be stripped 
off by the wall-ironing tool. For this reason, it has proven advantageous for the forming 
|2 surface in an end zone to again be at a smaller entry angle than in the intermediate zone. 

% An improvement is also achieved if the forming surface, following the zone with 

yfl the largest entry angle, comprises a so-called land zone, with an entry angle of 0°. The 

' 2 0 length of this land zone may be between 0.3 and 1 .5 mm. 

'y. In one possible application of the invention, the entry angle may have a fixed 

^ value in each of the said zones. However, under certain circumstances it may be 

preferable for the entry angle to change smoothly over the length of the forming 
surface. This prevents sudden changes in stress in the material to be wall ironed, so that, 

2 5 under certain circumstances, the wall ironing can proceed more successively, 

hi the preferred embodiment of this smooth change, the transitions between the 
successive zones, and/or the zones themselves, ran in the form of an arc of a circle. 
Good results are obtained if the radius of this arc is between 0.1 and 10 mm long. 

Particularly if the novel process is used for the wall ironing of a product which 

3 0 ultimately acquires the shape of a can, it is advantageous for the wall-ironing tool to 

comprise a plurality of wall-ironing rings of the type described above. In particular, it 
has proven advantageous for between 60 and 90% of the total wall thinning to be 
produced by the corresponding forming surface in the zone which runs at the largest 
entry angle, the so-called main zone. A further improvement is obtained if between 10 
35 and 30% of the total wall thinning is produced by the corresponding forming surface in 
the starting zone. Furthermore, it is advantageous, if an end zone is also being used, for 
less than 30% of the total wall thinning to be produced by the corresponding forming 
surface in this end zone. 
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As explained above, it is possible, when using the novel process according to the 
invention, to use a larger entry angle in particular in the intermediate main zone, 
allowing the mechanical load on the forming surface, i.e. the wall-ironing ring, to be 
reduced. Despite this larger entry angle, it is generally possible, by using a starting zone 
5 and an end zone with a smaller entry angle, to prevent the plastic coating layer from 
yielding and being stripped off. 

When using various plastics in various layer thicknesses and on various types and 
thicknesses of metal sheet, the limiting conditions for the entry angle in the 
intermediate zone and the entry angle and the length of the starting zone and the end 
10 zone will generally be different if it is desired to work using conditions which are 
optimal for all ironing without there being any risk of the plastic layer fracturing and 
being stripped off. It has been found that for. various materials applications, the 
optimum conditions can be determined by means of experiments using forming 
surfaces (for example of wall-ironing rings) in which the length of the starting zone 
15 and/or the end zone is varied. 

During the wall ironing of a plastic-coated metal sheet, the following ftmctional 
relationship applies to the yield stress (in MPa) in the plastic: 

= ^ ^ -[To ln(2-V3-Ao • ds/dt) + p,PJ, where: 

20 

Po is the pressure in MPa prevailing on all sides in the plastic; 
To is a base level for the yield stress in MPa; 
ds/dt is the drawing speed of the plastic being formed in sec"^; 
|j, is a unit-free parameter which represents the pressure sensitivity of the plastic; 
25 Aq represents a time constant (in sec) which is related to the relaxation behaviour 

of the plastic. 

According to the invention, it has been found that the wall ironing of a coated 
product in sheet form at an elevated pressure on all sides Pq only takes place 
successively if the values of the parameters Xq and Aq of the plastic used for the 
3 0 coating satisfy specific boundary conditions. These values must be as follows: 

ja > 0.03; To ^ 0-60 MPa and Ao > 2.0 x 10^^ sec. 
35 It is preferable to use plastics in which the parameters are as follows: 



(I > 0.047; To > 0.90 MPa and Ao > 3,0 x 10'' sec. 



It has been foimd that what is known as the glass transition temperature Tg of the 
plastic is important in the wall ironing of a plastic-coated metal sheet. Tg is the 
transition point for the properties of the amorphous range in the plastic. In principle, 
below T free movement of the main chain of the polymer is impossible. Above Tg, this 
freedom of movement is possible, leading to the hardness of the material falling by 
orders of magnitude. Since many plastics are partially crystalline, and this part partially 
retains its strength up to the melting point, many plastics materials can still be used 
very well up to temperatures far above Tg, 

In the case of wall ironing, the level of Tg is important because the plastic must 
still have a relatively high mechanical strength during the wall ironing. A plastic 
coating with a low Tg may possibly acquire sufficient strength by building up a very 
high pressure in the wall-ironing tool However, just outside this pressure zone the 
plastic is so ' Veak" that it is immediately pressed away and scrapped off. 

During the wall-ironing process, a considerable rise in temperature takes place in 
the ironed material. This temperature may rise to approx. 200°C. 

It has been found that a plastic-coated metal sheet can be successfully wall-ironed 
if the Tg of the plastic is sufficiently high under various conditions. The Tg at 
atmospheric pressure, Tg^ i and the Tg when the plastic is under a pressure on all 
sides of 600MPa, Tg^ eooMPa. have proven particularly important in this context. 
According to the invention, Tg^ ^ and Tg, ^oo MPa must be as follows: Tg, , ^tm ^ 30°C and 
Tg, 600 MPa ^ 200°C. Preferably, Tg, , must be as follows: Tg, , > 70^C. 

In addition to the process described above, the invention also relates to a 
wall-ironing tool, in particular a wall-ironing ring, comprising a forming surface, past 
which a sheet-like product can be moved during the wall ironing, which forming 
surface is at an entry angle with respect to the direction of movement of the product. 
This wall-ironing tool is characterized in that the entry angle varies over the length of 
the forming surface, in the direction of movement of the product, this angle being 
smaller in a starting zone of the forming surface than in the subsequent zone thereof. 

Numerous preferred embodiments of the wall-ironing tool according to the 
invention have been explained in the preceding description of the novel process, to 
which reference is made here. 

A particular preferred embodiment of a wall-ironing ring according to the 
invention is also that this wall-ironing ring is under a radial prestress on its outer 
circumferential surface, due to a strip or wire which has been wound around it under 
stress. 

Wall-ironing rings are generally known, as are the associated terms such as entry 
angle, main zone and land zone. 
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Therefore, there is no need for the wall-ironing rings discussed to be explained in 
more detail in a description referring to figures. 
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Process for the wall ironing of a product in sheet form, which is formed from a 
metal sheet coated on at least one side with a layer of plastic, the wall-ironing tool 
comprising a forming surface which the product with a plastic coating layer 
moves along during the wall ironing, and the forming surface being at an entry 
angle with respect to the direction of movement of the product, characterized in 
that the entry angle varies over the length of the forming surface, in the direction 
of movement of the product past the forming surface, this entry being smaller in a 
starting zone of the forming surface than in the subsequent zone thereof 

Process according to Claim 1, characterized, in that the forming surface in an end 
zone is again at a smaller entry angle than in the intermediate zone. 

Process according to Claim 1 or 2, characterized in that the forming surface, 
following the zone with the largest entry angle, comprises a so-called land zone, 
with an entry angle = 0°. 

Process according to Claim 2 or 3, characterized in that the entry angle has a fixed 
value in each of the zones. 

Process according to Claim 2 or 3, characterized in that there is a smooth chaage 
in the entry angle over the length of the forming surface. 

Process according to Claim 5, characterized in that the transitions between 
successive zones, and/or such zones themselves run in the form of an arc of a 
circle. 

Process according to one of the preceding claims, characterized in that the 
wall-ironing tool comprises a plurality of forming surfaces. 

Process according to one of the preceding claims, characterized in that the 
wall-ironing tool comprises a plurality of wall-ironing rings. 

Process according to one of the preceding claims, characterized in that 60 to 90% 
of the total wall thinning is produced by the corresponding forming surface in the 
zone running at the largest entry angle, the so-called main zone. 
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10. Process according to Claim 9, characterized in that 10 to 30% of the total wall 
thinning is produced by the corresponding forming surface in the starting zone. 

11. Process according to Claim 9 or 10, characterized in that less than 30% of the 
5 total wall thinning is produced by the corresponding forming surface in the end 

zone. 

12. Process according to one of the preceding claims, characterized in that the length 
of the starting zone and/or of the end zone, under otherwise identical conditions, 

10 is set in such a way that the plastic coating is not tom off the metal sheet as a 

result of the wall ironing. . 

13. Process for the wall ironing of a product in sheet form, which is formed from a 
metal sheet coated on at least one side with a layer of plastic, the wall-ironing tool 

15 comprising a forming surface which the product with a plastic coating layer 

moves along during the wall ironing, and the forming surface being at an entry 
angle with respect to the direction of movement of the product, characterized in 
that, in a zone of the forming surface which runs at the largest entry angle, the 
plastic layer is held under an elevated pressure Pq (in MPa) on all sides, and that 

2 0 the plastic used for the coating layer is- characterized by values of the parameters 

ja (no units); Tq (in MPa) and Aq (in sec), as defined in the description, which are 
as follows: 



25 



35 



IX > 0.03; -Co ^ 0-60 and Aq > 2.0 x 10 



19 



14. Process according to Claim 13, characterized in that the parameters [i, Tq and 
are as follows: ja > 0.047; Xo > 0.90 and Ao > 3.0 x 10^1 

15. Process according to Claim 13 or 14, characterized in that the plastic used is also 
3 0 characterized by values for the parameters Tg^ ^ Tg^ eooMPa (i^ °C), as defined 

in the description, which are as follows: Tg^ i ^ ^O^'C and Tg^ eooMPa ^ 200''C. 

16. Process according to Claim 15, characterized in that the parameter Tg ^^^^ is as 



follows: Tg,,,^>70°C. 



17. Wall-ironing tool, in particular a wall-ironing ring, comprising a forming surface, 
along which a sheet-like product can be moved during the wall ironing, which 
forming surface is at an entry angle with respect to the direction of movement of 
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the product, characterized in that the entry angle varies over the length of the 
forming surface, in the direction of movement of the product, this angle being 
smaller in a starting zone of the forming surface than in the subsequent zone 
thereof. 

5 

18. Wall-ironing tool according to Claim 17, characterized in that the forming surface 
in an end zone is again at a smaller entry angle than in the intermediate zone. 

19. Wall-ironing tool according to Claim 17 or 18, characterized in that between the 
10 intermediate zone and the end zone there is a land zone with a length of between 

0.3 and 1.5 mm. _ . . - 

20. Wall-ironing tool according to one of Claims 17-19, characterized in that the 
entry angle has a fixed value in each of the zones. 

15 

21. Wall-ironing tool according to one of Claims 17-19, characterized in that there is 
a smooth change in the entry angle over the length of the forming surface. 

22. Wall-ironing tool according to Claim 21, characterized in that the transitions 
2 0 between successive zone, and/or the zones themselves, run in the form of an arc 

of a circle with a radius of a length of between 0. 1 and 10 mm. 

23. Wall-ironing tool according to one of Claims 17-22, characterized in that the 
main zone forms between 60 and 90% of the transverse dimension of the forming 

2 5 surface, transversely with respect to its longitudinal direction. 

24. Wall-ironing tool according to Claim 23, characterized in that the starting zone 
forms between 10 and 30% of the transverse dimension of the forming surface, 

3 0 25, Wall-ironing tool according to Claim 23 or 24, characterized in that the end zone 

forms less than 30% of the transverse dimension of the forming surface. 

26. Wall-ironing tool in the form of a wall-ironing ring, according to one of Claims 
17-25, characterized in that this wall-ironing ring is under a radial prestress on its 
3 5 outer circumferential surface, due to a strip or wire which has been wound around 

it under stress. 



ABSTRACT 



Process for the wall ironing of a product in sheet form, which is formed jfrom a metal 
sheet coated on at least one side with a layer of plastic^ the wall-ironing tool comprising 
a forming surface which the product with a plastic coating layer moves along during the 
wall ironing, and the forming surface being at an entry angle Avith respect to the 
direction of movement of the product, whereby the entry angle varies over the length of 
the forming surface, in the direction of movement of the product past the forming 
surface, this entry being smaller in a starting zone of the forming surface than in the 
subsequent zone thereof. 



9/914645 




COMBINED 
TJTILITY 




AND POWER OF ^^.;rTORMEY FOR 



i^t^toxxiey Docket t: No. 
APV31SX1 



As a belo^^Qft^iiUr iaveiit;o7/ X liordby declare tbati 
lay r^9ld«ac«, post office address azid citi^cesialiip 'are aa stat.&d below Oi<j:cc CO my name; 

tHat 

I beliava X am clia original, first aiid sole iBventor <i£ only oxj^e nams is listed belovr} 
or an original/ firac and joint invantor <i£ pluzal inve&to70 are liated below) of the 
subject macter wlilcli is claimed and for wbich a patent is sought oxi the isv^exition entitled v 

PROCESS FOR gHB KAI^L IRO»rm<S OF A PRODUCT XML S HSgT gOKK. AKP A W^ftJJ. IRONXNC? TOOL 

th0 specification of vhic]i (ehecic one) 
[ ] i& attached hereto. 

filed on August Zl» 2001 «0 J^pXlcacion Serial Ko- 03/914^645 and vas amended on 
tg/A (if applicable) 




jfilad aa ?CT international J^plieation 27o« __ OH 
fonal stage on as IJ»S- Patent Application Mo. 



and was fil^d in the IT.S. 



state that X have reviewed and understand the contents of the ab ^ive identified 
cation/ includius the claims, as a^aezided by any amendmftn t referred tc^' above* 

aclcnowladge the duty to disclose infonation vhich is laaterial to the e9cajn:^ation of chis 
'^plication in accordance W4th Title 37, Cod«j o£ Federal l^eguXations/ 51«5€f.a) . 

£1 do not Icnovr and do not believe the daiaed invention was ever known or used in the touted 
^ates of ABierica before ay or our invention tihereof , or patented or descria»e^ in any printed 
;^rtiblication in any country before tsy <3r our invention thereof or more tlxan otxt) yaar prior to 
J^is application, that the same was not in ptablic use or on sale in the Q^iLted States of 
'^erica lucre than one year prior to this application/ that the invontioi: has not been 
l^tented or siade the subject of an inventory's certificate issued before ti^*- date of this 
ly^plication in any country foreign to the Uhited states of America on an application filed 
^y ma or my legal representatives or assigns more than twelve months prior to this 
=j^ppl ication . 

hereby claim foreign priority benefits under Title 35^ xniited States Co^(^ SlU and/or 
l!^65(a)(b) o£ any foreign application (s> and United States provisional applicatiena £or 
^mtent or inventor's certificate listed below and have also identified ^^l.x^^ any foreign 
^^lication for patent or inventor's certiCTlcate having a filing date before that of the 
|l!bplication(s) on which priority is claimed^ 



Prior Foreign and XX-S- Provisional Application (s) 



Priority Claimec; 



1011437 Netherlands 3 March 39 tx] [ ] 

(^lum^ar) (Countxy) Day/Month/^ear Filed Yea Ko 

________ i [3 £ 3 

<2iUXBber) (country) Pay/Konth/Year Filed Tea Ho 



I liejTeby claim tlie bene£it; oxader TiClo 35i,'QXilted Stataa Code# 5X20 aiid/>>r <3k36S<c) of any 
Iftiited States applleatiozi(d) or PCT iac«»atioaal appiicatioaCs) designati^ag the Xtaltad 
States o£ JUtorica liaMd b«lov and* ioLBofar aa tiie subject nattar o£ eacb of th« claiM o£ 
ttiiff appliiCatloa 4.a nos discXosad in t^ prior application («} in t2ia ma&aer jgarovided by the 
£irat pangraplL o£ 7itla 35. inxited States CodO/ S112,. X aOcnowledg^ the duty to diadose 
material iAfonnaCion a? da£ixi«d in Title 37^ Code o£ Padaral Re^ulationn, $l»5GCa) which 
accunr«d between the filing data of the prlo^e- application and the national or PCT 
international filing date of this application: 



Application Serial No- Filing Date 



Status 

(patented, pending, abandoned) 



Swlication serial Mo- Filing Sate 



Statua 

(patented, pending, abandoned) 




I hereby appoint the following attorney {s3 and/or agettt(fl) to prosecute tbla application and. 
to tranaact all business in the Patent and Trademarlc Office connected therewith; gttiviing / 

T>_P^. Anthony P. veftcuriao, Reg- vsoy^^^i^j James b. iedbattar, 
Reg. JTo. 2a,al2j— ^d Thcaaas P. Pavelko, Reg . Ko, 31,^81 ^ i^act \all telephone calls to 
telephone no. 202-7S5-0106 atid faxes to 202-468-5200 • 

jWddreae all correapondance to 16jLS_l >^ Street, »,W,, Suite 8S0, Waahington, D,C- 20036. 

m hereby declare that all statevxenta aiade herein of my own knowledge are true and that all 
!^StatemantB a&ade on iafiowaation and belief are believed to be true^ and farther that these 
tttat«»entfl were wade with the knowledge that willful f alae statements and the lifce ao made 
punishable by fine or in^irisonnient. or both, under Section 1001 of Title 13 of the Uhited 
ytates Code and that such willful false statements may jeopardize the validity of the 
^^^icabion or any patent iaaued thereon. 



^^^Fizll Name of Sola, Eirst laveacor 
linHlcblel Adriaxiua Bc^^iiSUS 
= VAN X»BR . 


Inventor ' a I ugnatnre 


Date 


^1^-5467, I-P Veghfil, The Netherlands 


Citizenship 
»utch 


|:;^QSt Office Addreaa^ 
NL-S4S7, LP Veghel, Tha Netherlands 


Fall Kaae of Second^ iToint Inventor 
Kexwirikus Christiamiia 
EngelEertua VASTdER AA 


Invento^^^^^^ature^^^^^ 


I)at<d 

OS" // -2.^5^ 


Reaidence; / ^ /~ 
NLi-2015f Ba Ha.arle&/ The Sfetthex-larLdB 


Cit.^ senahip 
Dutch 


Post Office Address £ 
HyacintenlaazL IB 

NL-2015, BA Haarlem. The Netherlands 



- 2 - 



Full Nwne o£ TOliJrd, Joiat laventor I Utvantor'a Sigxxatmra 


nai:;e 


A/Y_> 

lIL-1964, KX He^fflnskejEfc, THo Netherlande , 


Dutch 


Poet 0££iea Address: 
Vogelkers 32 

HI.- 19 64, KX Ee«H&8]cerk, Tha Ketiberlaa^as 




pull Name of Fo^^ir^iat lavencor 


t;t:: — ■ 


UatQ 


^ia^.. ^^-^ " 
NIi*1945, TOi^Bev^rwijfc, Hia Netherlands 


Cltizensliip 
Dutch 


Plesaa&weg S7 

Ni:i-1945* WL Beverwijk^ Tlia Netlisrlasxds 



